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SEMICONDUCTOR MEMORY DEVICE 
AND METHOD OF MANUFACTURING THE SAME 
[CIP (Continuation-In-Part) ] 

CROSS-REFERENCE TO RELATED APPLICATION 
This is a Continuat ion-In-Part application of 
U.S. Patent Application Serial No. 08/982,478, filed 
December 2, 1997, the entire contents of which are 
incorporated herein by reference. 

TECHNICAL FIELD 
The present invention generally relates to 
semiconductor memory devices and methods of manu- 
facturing the same and, more particularly, to highly 
integrated dynamic memory devices and methods 
of manufacturing the same. 

DESCRIPTION OF THE RELATED ART 
Figures 1A and IB illustrate a memory cell having 
a MINT architecture and a 0.25 micron design rule which 
is usable in a 256 Mbit dynamic random access memory 
(DRAM) device. Specifically, Figure 1A is a top-down 
view of the trench memory cell and Figure IB is a 
cross-sectional view taken along line A-A ' of Figure 1A. 
DRAM cell 550 includes a trench capacitor 555 and a MOS 
transfer gate 560. Trench capacitor 555 includes a 
first N+-type polycrystalline silicon fill 565, a 
second polycrystalline silicon fill 567, and a collar 
oxide 571. Transfer gate 560 includes N-type 



source/drain and drain/source regions 573 and 574 
formed in P-type well 575 and a WSix/polycrystalline 
silicon gate 577 insulatively spaced from the channel 
region between source/drain region 573 and drain/source 
region 574. A bit line contact 579 formed in an 
opening in an insulating layer 80 (of BPSG, for 
example) and in insulating layer 578 (of silicon 
nitride, for example) electrically connects 
source/drain region 573 to bit line 581. A shallow 
trench isolation (STI) structure 590 electrically 
isolates DRAM cell 550 from an adjacent DRAM cell and 
passing word line 592. Passing word line 592 has a 
WSix/polycrystalline silicon structure. A dielectric 
layer 587 is formed on bit line 581 and aluminum 
wirings 589 are formed on dielectric layer 587. One of 
the aluminum wirings 589 is connected to bit line 581 
by a contact stud 591 of tungsten, for example. A 
diffusion region 583 electrically connects third 
polycrystalline silicon fill 569 and drain/source 
region 574 of MOS transfer gate 560. This diffusion 
region is formed by outdiffusing dopants from the 
highly doped polycrystalline silicon fill in the 
storage trench into P-well 575. Diffusion region 583 
and third polycrystalline silicon fill 569 constitute a 
buried strap for connecting trench capacitor 555 to 
transfer gate 560. 

While the memory cell structure of Figures 1A and 
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IB has been successfully applied to 256 Mbit DRAM 
devices, certain problems can adversely impact the 
manufacturing yield of such devices. With reference to 
Figure 2A, the outdiffusion of dopants to form 
5 diffusion region 583 must be carefully controlled. If 

the dopants diffuse too far into the semiconductor 
substrate, the operation of transfer gate 550 can be 
adversely affected. This, for example, places certain 
limitations on the thermal processes used in the 
10 manufacturing process since long, high temperature 

processes will cause a greater outdiffusion of the 
dopants. In addition, various crystal defects can be 
generated at the intersection of the active area 
(transfer gate) and the deep trench. For example, 
15 various oxidation processes during the manufacturing 

process can cause expansion of the collar oxide 571. 
This expansion can lead to dislocations in the silicon. 
In addition to contributing to the adverse operation of 
the transfer gate, such dislocations can cause junction 
20 leakage from the buried strap diffusion layer 583. 

Still further, as shown in Figure 2B, in some cases, 
there can be a discontinuity between the cell array 
junction and the buried strap caused by ion implanta- 
tion shadowing due to a passing word line. 
25 Problems are also associated with the scaling-down 

of the DRAM cell of Figures 1A and IB to form more 
highly integrated memory devices (e.g., 1 Gbit and 4 



Gbit DRAM devices) . In particular, the scaled-down 
memory cell must nonetheless provide a capacitor having 
a size (i.e., a capacitance) for storing a charge which 
is sufficient to ensure that data may be correctly 
written to and read out from the memory cell. Since 
scaling-down generally results in a shrinking of the 
horizontal dimensions of the memory cell, one possible 
way to provide a sufficiently-sized capacitor would be 
to increase the depth of the trench within which the 
capacitor is formed. In this way, the horizontal 
dimensions of capacitor may be scaled down while 
providing a capacitor of the same size or at least 
scaled down to a lesser degree. However, the high 
aspect ratios associated with such deep trenches create 
difficulties in the processes needed to fill the 
trenches. In short, to increase the size of trench 
capacitor 555 during scale-down, either the depth of 
the trench or the horizontal dimensions of the trench 
must be increased. Since increasing the depth suffers 
from processing problems as described above and since 
increasing the horizontal dimensions is contrary to 
scaling-down goal, it is difficult to increase the 
integration density of memory cells having the memory 
cell structure shown in Figures 1A and IB for new 
generations memory devices. 

One solution to this scaling-down problem is to 
overlap the transistor area and the deep trench area. 



Such a transistor over capacitor (TOO arrangement is 
shown in U.S. Patent No. 4,649,625 to Lu, which is 
incorporated herein by reference. In this structure, 
the transfer gate is formed on epitaxial silicon which 
has been laterally grown over an insulator formed on 
the deep trench. Such laterally grown epitaxial 
silicon often suffers from defects which can adversely 
affect the operating characteristics of the transistor 
and thus of the memory cell itself. 

It would be desirable to provide semiconductor 
memory devices and methods of manufacturing the same 
which overcome these and other problems. 



SUMMARY OF THE INVENTION 
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These and other features and advantages of the 
20 present invention will be better understood 

from a reading of the following detailed description in 
conjunction with the accompanying drawings. 



BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
25 Figures 1A and IB are a cross-sectional view and a 

top-down view, respectively, of a dynamic random access 
memory cell having a MINT architecture. 

Figures 2A and 2B are used to illustrate various 
problems associated with the memory cell structure 
30 shown in Figures 1A and IB. 

Figure 3 is a top-down view of a semiconductor 
memory device in accordance with a first embodiment of 
the present invention. 

Figures 4A and 4B are cross-sectional views taken 
35 along lines 4A-4A' and 4B-4B' of Figure 3, respectively. 



Figures 5A-5J are cross-sectional views corre- 
sponding to Figure 4A which illustrate a method of 
manufacturing the semiconductor memory device of 
Figures 3, 4A, and 4B. 

Figure 6 is a top-down view of a semiconductor 
memory device in accordance with a second embodiment of 
the present invention. 

Figure 7 is a cross-sectional view taken along 
line 7-7' of Figure 6. 

Figure 8 illustrates a wafer-bonding technique 
which may be used in the process of forming the 
semiconductor memory device of Figure 6. 

Figures 9A and 9B are storage node cross-sections 
corresponding to the views of Figures 4A and 4B for a 
semiconductor memory device in accordance with a third 
embodiment of the present invention. 

Figure 10 is a top-down view of a semiconductor 
memory device in accordance with a fourth embodiment of 
the present invention. 

Figure 11 is a cross-sectional view taken along 
line 11-11' of Figure 10. 

Figure 12 is a cross-sectional view taken along 
line 12-12' of Figure 10. 

Figures 13A-13J are cross-sectional views which 
illustrate a method of manufacturing the semiconductor 
memory device of Figures 10. 

Figures 14A-14D are cross-sectional views which 
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illustrate a method of manufacturing a semiconductor 
memory device in accordance with a fifth embodiment of 
the present invention. 

Figure 15 is a top-down view of a semiconductor 
5 memory device in accordance with a sixth embodiment of 

the present invention. 

Figures 16A-16E are cross-sectional views which 
illustrate a method of manufacturing a semiconductor 
memory device in accordance with a seventh embodiment 
10 of the present invention. 

Figure 17 is a cross-sectional view of a 
semiconductor memory device in accordance with an 
eighth embodiment of the present invention. 

Figure 18 is a top-down view of a semiconductor 
15 memory device in accordance with a ninth embodiment of 

the present invention. 

Figures 19A-19F are cross-sectional views which 
illustrate a method of manufacturing the semiconductor 
memory device of Figure 18. 
20 Figure 20 is a top-down view of a semiconductor 

memory device in accordance with a tenth embodiment of 
the present invention. 

Figure 21 is a cross-sectional view taken along 
line 21-21' of Figure 20. 
25 Figure 22 is a cross-sectional view taken along 

line 22-22' of Figure 20. 

Figures 23A-23H are cross-sectional views which 
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illustrate a method of manufacturing the semiconductor 
memory device of Figures 20, 21, and 22. 

Figure 24 is a top-down view of a semiconductor 
memory device in accordance with an eleventh embodiment 
5 of the present invention. 

Figure 25 is a top-down view of a semiconductor 
memory device in accordance with a twelfth embodiment 
of the present invention. 

Figures 26A-26D are cross-sectional views which 
10 illustrate a method of manufacturing a semiconductor 

memory device in accordance with a thirteenth 
embodiment of the present invention. 

Figure 27 is a cross-sectional view which 
illustrate a semiconductor memory device in accordance 
15 with a fourteenth embodiment of the present invention. 

Figures 28A-28F are cross-sectional views which 
illustrate a method of manufacturing the semiconductor 
memory device of Figure 27. 

Figure 29 is a top-down view of a semiconductor 
20 memory device in accordance with a fifteenth embodiment 

of the present invention. 

Figure 30 is a cross-sectional view taken along 
line 30-30' of Figure 29. 

Figure 31 is another top-down view of the 
25 semiconductor memory device in accordance with the 

fifteenth embodiment of the present invention. 
Figure 32 is a cross-sectional view which 



illustrate the semiconductor memory device of Figure 29. 

Figure 33 is a cross-sectional view which 
illustrate the semiconductor memory device of Figure 29. 

DETAILED DESCRIPTION OF THE INVENTION 
Figure 3 is a top-down view of a semiconductor 
memory device 100 in accordance with a first embodiment 
of the present invention. Figure 4A is a cross- 
sectional view taken along line 4A-4A' of Figure 3 and 
Figure 4B is a cross-sectional view taken along line 
4B-4B' of Figure 3. The cross-sectional view of Figure 
4A is extended to a support circuit region of the 
semiconductor memory device which is not shown in 
Figure 3. Generally, circuits such as decoders, sense 
amplifiers, and the like are formed in the support 
circuit region. With reference to Figure 3, memory 
device 100 includes bit lines 102 formed to extend in a 
first direction (i.e., horizontally in Figure 3) and 
word lines 136 formed to extend in a second direction 
(i.e., vertically in Figure 3). The portions of the 
word lines which extend over the channel regions of the 
transfer transistors constitute the gate electrodes of 
the transfer transistors. Bit line contacts 106 are 
arranged at a one-quarter pitch. That is, the bit line 
contacts for every fourth bit line are vertically 
aligned. A plurality of active areas AA are defined by 
shallow trench isolation (STI) structures 108 (see 
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Figures 4A and 4B) . Active areas AA have a width 
extending in the word line direction and a length 
extending in the bit-line direction. The trench 
capacitors (storage nodes) of the memory cells are 
5 formed in deep trenches 110. Deep trenches 110 have a 

width extending in the bit line direction and a length 
extending in the word line direction. Storage node 
contacts 112 are located between adjacent ones of the 
word lines and provide an electrical connection between 
10 the trench capacitors and the transfer gates. 

As can be seen with reference to Figures 4A and 4B, 
an N-type diffusion region 116 and a P-type well region 
118 are provided in the memory cell array region of a 
P-type silicon substrate 114. P-type well region 118 
15 is also provided in the support circuit region of the 

silicon substrate 114. N-type diffusion region 116 has 
an impurity concentration (e.g., more than 
1 x 10 17 cm -3 at the peak) which is higher than the 
impurity concentration of the silicon substrate 114 and 
20 serves as a buried plate electrode for the memory cells 

of the memory device 100. P-type well region 118 has 
an impurity concentration of approximately 
1 x 10 1 " 7 cm -3 to 1 X 10 18 cm -3 . The trench capacitors 
include a first trench fill 120 which is insulated from 
25 the buried plate electrode 116 by a storage node 

insulating layer 122. Storage node insulating film 122 
may, for example, be a nitride/oxide (NO) film includ- 
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ing a layer of silicon nitride (Si3N 4 ) and a layer of 
silicon dioxide (Si0 2 ) . A second trench fill 124 is 
insulated from P-well 118 and buried plate electrode 
116 by a collar oxide film 126. Collar oxide film 126 
may, for example, be a silicon dioxide (SiC>2) film. 
A silicon dioxide (Si0 2 ) layer 128 is formed at the 
upper portion of deep trenches 110 and is spaced from 
P-well region 118, from collar oxide film 126, and from 
second trench fill 124 by a silicon dioxide 
(Si0 2 ) /silicon nitride (Si 3 N 4 ) liner layer 130. Each 
transfer gate includes spaced apart N-type source and 
drain regions 132 and 134. As shown in Figure 4A, 
adjacent transfer transistors formed in a given active 
area have a common N-type drain region 134. Each 
transfer transistor further includes a gate electrode 
136 which is insulatively spaced from a channel region 
between the N-type source and drain regions 132 and 134 
by a gate insulating layer 138 of, for example, silicon 
dioxide (SiC>2) • Gate electrode 136 is a polycide gate 
electrode including a polysilicon layer 136a and a 
silicide layer 136b (e.g., tungsten silicide) formed on 
the polysilicon layer, and a cap nitride layer (not 
shown) formed on silicide layer 136b. A conformal 
barrier layer 140 of, for example, silicon nitride 
(Si3N4), is formed on gate insulating layer 138 and the 
gate electrodes 136 and a BPSG layer 142 fills in the 
depressions in the barrier layer 140. Self-aligned 
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storage node contacts (strap layers) 112 of polysilicon, 
for example, electrically connect the trench capacitors 
(via an opening formed in insulating layer 128 and 
liner layer 130) to the source regions 132 of the 
transfer transistors. As can be seen in Figure 4A, 
storage node contacts 112 are formed between adjacent 
gate electrodes 136 and are insulated from P-well 
region 118 by an insulating layer 146. Bit line 
contacts 106 of, for example, polysilicon, are formed 
to contact the common drain region between adjacent 
transfer transistors. A first interlayer insulating 
film 148 of, for example, P-TEOS, is formed on the 
upper surfaces of barrier layer 140, BPSG layer 142, 
storage node contacts 112, and bit line contacts 106. 
Bit lines 102 and contacts 103 are formed in the memory 
cell region by a dual damascene process in which vias 
149 and trenches 150 are formed in insulating layer 148, 
a metal such as tungsten is deposited on insulating 
layer 148 and in the vias and the trenches, and the 
deposited metal is planarized so as to be substantially 
level with the upper surface of insulating layer 148 
(see Figure 4B) . Similarly, in the support circuit 
region, damascene and/or dual damascene processes may 
be utilized to form contacts 160, 161 to gates and 
diffusion regions and to form wiring 162. A second 
interlayer insulating film 152 of, for example, P-TEOS, 
is formed on first interlayer insulating film 148. 



A metallization layer is formed on the second inter- 
layer insulating film 152 and is patterned to form 
wirings 156. As shown in Figure 4A, in the support 
circuit region, a contact 164 formed in an opening 163 
in second interlayer insulating film 152 connects one 
of the wirings 156 to wiring 162. 

A method for manufacturing the above-described 
semiconductor memory device will be described with 
reference to Figures 5A-5J. Turning to Figure 5A, 
the surface of a P-type silicon substrate 114 is 
thermally oxidized to form a first pad oxide layer 202 
of silicon dioxide (Si0 2 ) having a thickness of about 
10 nanometers. The thermal oxidation is performed at 
about 900°C in an atmosphere of dry 0 2 . Substrate 114 
may be a silicon wafer or an epitaxial layer formed on 
a silicon wafer. A pad silicon nitride (Si 3 N 4 ) layer 
204 having a thickness of about 100 nanometers is then 
formed on pad oxide layer 202 by, for example, chemical 
vapor deposition (CVD) . A second pad oxide layer (not 
shown in Figure 5A) having a thickness of approximately 
400 nanometers is then formed by the evaporation of 
TEOS (Si (OC2H5) 4 ) . Deep trenches 110 each having 
a depth of approximately 4,9 micrometers, a width (in 
the bit line direction) of approximately 0.20 micro- 
meters, and a length (in the word line direction) of 
approximately 0 . 60 micrometers are formed in silicon 
substrate 114 in the memory cell region using a 



- 18 - 

patterned resist (not shown) and an etching process 
such as reactive ion etching (RIE) . Deep trenches 110 
have an aspect ratio (width/depth) of 25. An N-type 
diffusion region 116 is then formed in substrate 114 in 
the memory cell region by implanting impurities and AsG 
diffusion. The implant may be performed using a dose 
of 1 x 10 13 cm -2 of phosphorus and an acceleration 
voltage of 1.5 MeV. The ASG diffusion may be performed 
by the deposition of an ASG layer and an ASG layer 
recess process down to a level which is deeper by the 
diffusion length than the intended top of region 116, 
followed by annealing at about 1050°C for 30 minutes to 
form diffusion region 116. The buried N-type well may 
be formed by other methods, e.g., P-well implantation 
into an N-type semiconductor substrate or by epitaxy, 
and the invention is not limited in this respect. 

An insulating layer 122 such as a nitride-oxide 
(NO) layer or an oxide-nitride layer is then formed on 
the entire surface. For example, insulating layer 122 
may include a silicon nitride (Si3N4) layer of about 6 
nanometers deposited using a low pressure chemical 
vapor deposition method and a silicon dioxide (SiC>2) 
layer of about 2 nanometers formed by oxidation of the 
silicon nitride layer at 900°C in an atmosphere of wet 
02. The target thickness of the insulating layer 122 
( T effective> is about 4-5 nm silicon dioxide equivalent. 
After insulating layer 122 is formed, first conductive 



19 



regions are formed by filling deep trenches 110 with an 
impurity-doped first conductive material such as N+- 
type polycrystalline silicon. The doping concentration 
of the first conductive material is greater than 3 x 
10 17 cm -3 . The filling step may be carried out using 
chemical vapor deposition of silane or disilane, for 
example. The N + -type polycrystalline silicon is then 
etched back to a first level within deep trenches 110 
using an isotropic etch process such as reactive ion 
etching to form first trench fills 120. Specifically, 
the N + -type polycrystalline silicon is etched back to a 
level which is about 1 micrometer { p,m) below the 
surface of the semiconductor substrate. The second pad 
oxide layer is removed before the etch-back of the 
first fill in the deep trench and after a blanket etch 
back of the deposited polycrystalline silicon to the 
top surface of the second pad oxide layer by RIE. 
Insulating layer 122 is then etched by wet etching to 
remain at the lower portion of the trench so as to form 
a storage node insulating layer which insulates the 
first trench fill from the semiconductor substrate. A 
collar oxide film 126 is then formed on the sidewalls 
of the portions of deep trenches 110 opened by the 
etching back of the N + -type polycrystalline silicon 
using low pressure chemical vapor deposition (LPCVD) or 
plasma-enhanced chemical vapor deposition (PECVD) TEOS 
over the entire surface followed by an etch back using 



reactive ion etching. 

Second conductive regions are then formed by 
filling in the remainder of deep trenches 110 with 
a second conductive material. The second conductive 
material may be, for example, N + -type polycrystalline 
silicon or undoped polycrystalline silicon and may be 
formed by chemical vapor deposition (CVD) . The second 
conductive material is etched back by reactive ion 
etching or some other chemical dry etching process to a 
level which is about 0.1 micrometer ( p.m) below the 
surface of the semiconductor substrate. The collar 
oxide 126 is etched by a wet etch and remains as shown 
in Figure 5A. Next, a very thin oxide layer having a 
thickness of approximately 5 nanometers and a silicon 
nitride (Si3N4) layer having a thickness of approxi- 
mately 5 nanometers are formed on the upper surface of 
pad silicon nitride layer 204, on the sidewalls of deep 
trenches 110, and on the exposed portions of collar 
oxide film 126 and second trench fill 124. The thin 
oxide layer is formed, for example, by a rapid thermal 
oxidation at 1050°C and the silicon nitride layer is 
formed, for example, by CVD. For purposes of clarity, 
the thin oxide layer and the silicon nitride layer are 
shown as a single liner layer 130 in Figure 5A. A TEOS 
layer 128 is then formed by LPCVD, for example, on the 
upper surface of layer 130 and to fill in deep trenches 
110 as shown in Figure 5A. 
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TEOS layer 128 is then recessed by chemical 
mechanical polishing and RIE to be substantially level 
with the surface of substrate 114. Liner layer 130 is 
then removed from the upper surface and the sidewall of 
pad silicon nitride layer 204 and from the sidewall of 
pad oxide layer 202, and pad silicon nitride layer 204 
and pad oxide layer 202 are removed from the surface of 
the substrate as shown in Figure 5B. The silicon 
nitride is etched, for example, by H3PO4 and the 
silicon oxide is etched, for example, by an HF solution. 

An epitaxial silicon layer 208 having a thickness 
of about 0.2 micrometers ( fim) is then grown by a solid 
phase epitaxial growth method on the surface of semi- 
conductor substrate 114 in the memory cell region and 
in the support circuit region as shown in Figure 5C . 
The portion of the epitaxial layer 208 above silicon 
substrate 114 in the memory cell region, on which the 
transfer transistor will be formed as described below, 
is high-quality single crystal silicon. The portion of 
the epitaxial layer 208 above the trench structures in 
the memory cell region is formed by horizontal 
epitaxial growth and thus may have twin boundaries. 
However, as will become evident, this portion of the 
epitaxial layer will be removed during the steps for 
forming the storage node contacts 112. 

With reference to Figure 5D, a pad oxide layer 210 
of silicon dioxide (SiC>2) and a pad nitride layer 212 
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of silicon nitride (Si 3 N 4 ) are successively formed on 
the surface of epitaxial silicon layer 208. Pad oxide 
layer 210 may be formed by thermal oxidization (e.g., 
900°C in an atmosphere of dry O2) and may have a 
thickness of about 10 nanometers. Pad nitride layer 
212 may be formed by chemical vapor deposition and may 
have a thickness of about 100 nanometers. Shallow 
trenches 214 are then formed in epitaxial layer 208 
using a patterned resist (not shown) and an etching 
process such as reactive ion etching (RIE) . The 
dimensions of the shallow trenches are dependent upon 
feature size. For example, for a 1 Gbit DRAM, shallow 
trenches 214 may have a width of 0.15 micrometers (Aim) 
and a depth of 0.15 micrometers (Aim). An insulating 
layer of, for example, TEOS, is then blanket deposited 
over the surface of pad nitride layer 212 and in 
shallow trenches 214. The insulating layer is then 
etched back using, for example, CMP and RIE, with pad 
nitride layer 212 serving as a stopper layer, whereby 
shallow trench isolation structures 108 which define 
the active areas AA are formed. 

With reference to Figure 5E, pad nitride layer 212 
and pad oxide layer 210 are removed and a sacrificial 
oxide (not shown) having a thickness of about 6 
nanometers (nm) is then formed by furnace oxidation or 
rapid thermal oxidation (RTO) on the surface of 
epitaxial layer 208. P-type well region 118 is formed 
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by implanting P-type impurities into the entire surface 
of the substrate. For example, boron is implanted at a 
dose of about 1 x 10 13 cm -2 and acceleration voltages 
of 10 keV to 300 keV (a retrograde P-well is formed by 
several acceleration voltages) . If desired, a step of 
implanting impurities into portions of the substrate 
which will constitute the channel regions of the 
transfer transistors in the memory cell region and 
other transistors in the support circuit region may be 
performed. This implanting of impurities into the 
channel regions permits a tailoring of the threshold 
voltage of the transistors. The sacrificial oxide 
layer is then removed and a gate insulating layer 138 
is formed on the surface of the substrate. Gate 
insulating layer 138 has a thickness of about 6 nanome- 
ters (nm) and may be formed by thermal oxidation at a 
temperature of approximately 850°C. Alternatively, gate 
insulating layer 138 may be formed by chemical vapor 
deposition (CVD) and the invention is not limited in 
this respect. Gate electrodes 136 for the transfer 
transistors in the memory cell region and for tran- 
sistors in the support circuit region are then formed 
by depositing a polysilicon layer which is doped with 
N + -type impurities, followed by a layer of metal 
silicide such as tungsten silicide (WSi) . After the 
WSi deposition, a cap silicon nitride layer (not shown) 
having a thickness of about 15 nanometers (nm) is 
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formed on the WSi layer. The cap silicon nitride layer 
is provided so that a self-aligned contact may be 
formed while maintaining isolation between the gate 
electrodes 136 and bit line contacts 106 and storage 
node contacts 112. Then, using a patterned photoresist 
(not shown) and an etching process such as RIE, the cap 
silicon nitride layer, the silicide layer and the 
polysilicon layer are etched to form gate electrodes 
(word lines) 136 in the memory cell region and gate 
electrodes 136 in the support circuit region. Next, 
N-type impurities such as phosphorus or arsenic are 
ion-implanted using gate electrodes 136 as a mask to 
form N-type source regions 132 and drain regions 134 
for the transfer transistors in the memory cell region 
and to form N-type source and drain regions for the 
N-channel transistors in the support circuit region. 
To form P-type source and drain regions for P-channel 
transistors in the support circuit region, BF2 or B is 
implanted. Then, a barrier layer 140 of, for example, 
silicon nitride (Si3N 4 ) having a thickness of approxi- 
mately 30 nanometers (ran) is deposited by CVD . Next, 
an insulating layer 142 of BPSG, for example, is 
deposited on barrier layer 140. Insulating layer 142 
is planarized by chemical mechanical polishing using 
barrier layer 140 as a stopper layer, resulting in the 
structure shown in Figure 5E. 

With reference to Figure 5F, a photoresist (not 
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shown) is deposited. The photoresist is patterned and 
is used as a mask for selectively etching the portions 
of insulating layer 142 and barrier layer 140 above 
source regions 132 and drain regions 134 in the memory 
cell region. Specifically, using the photoresist as a 
mask, a selective etch is used to etch insulating layer 
142, and then barrier silicon nitride layer 140 is 
etched by a silicon nitride etching process to open 
contact regions. 

With reference to Figure 5G, a patterned pho- 
toresist 214 is formed for providing contacts to the 
storage nodes in deep trenches 110 in the memory cell 
region. Gate insulating layer 138, the silicon 
substrate, and TEOS layer 128 are etched by an etching 
process such as reactive ion etching using the 
patterned photoresist 214 and the gate electrodes 136, 
with the barrier layer 140 on the top and sidewalls 
thereof, as a mask to form storage node contact 
openings 216. The silicon nitride layer which is part 
of liner layer 130 is then etched. Since gate 
electrodes 136 are part of the etching mask, the 
etching process is a self-aligned etching process. 
Specifically, gate insulating layer 138 is etched by 
RIE (or by wet etching) ; the silicon substrate is 
etched by RIE; and TEOS layer 128 is etched by RIE. 
The etching of the silicon nitride which is part of 
liner 130 is accomplished by using wet etching (e.g. 
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H3PO4) or dry etching. 

With reference to Figure 5H, the patterned 
photoresist 214 is removed and the gate insulating 
film 138 above drain region 134 is etched to form 
contact openings 218. An insulating layer 146 of, for 
example, silicon dioxide having a thickness of about 10 
nanometers is deposited over the entire surface and 
then etched using RIE to expose second trench fill 124. 
Any remaining portion of the oxide layer of liner 130 
on the surface of second trench fill 124 is also etched 
at this time. Next, a photoresist (not shown) is 
deposited and recessed to a predetermined depth within 
storage node contact openings 216. Using the recessed 
resist as a mask, the unmasked portions of insulating 
layer 146 are removed by, for example, wet etching so 
that the upper portion of insulating layer 146 is about 
50 nanometers (nm) below the surface of the semicon- 
ductor substrate. The recessed resist is then removed 
and an in-situ phosphorus-doped polysilicon layer is 
deposited by, for example, chemical vapor deposition, 
to fill in storage node contact openings 216 and bit 
line contact openings 218, thereby forming storage node 
contacts 112 and bit line contacts 106. It will be 
apparent that insulating layer 146 must be etched-back 
to a level which permits connection between storage 
node contact 112 and source region 132, but no 
connection between storage node contact 112 and 



P-well 118. The bit line contacts 106 and storage node 
contacts 112 are then planarized by chemical mechanical 
polishing to be substantially level with the upper 
surface of barrier layer 140 as shown in Figure 5H. 

With reference to Figure 51, a first interlayer 
insulating film 148 of, for example, P-TEOS is then 
deposited. Bit lines 102 and contacts 103 to bit line 
contacts 106 in the memory cell region and wiring 162 
and contacts 160 and 161 to the transistors and 
diffusion regions in the support circuit region may be 
formed by a so-called dual damascene process. 
A "damascene" process refers to a process in which a 
trench or via is formed and then filled in with a 
conducting material, followed by planarization . A dual 
damascene process involves the simultaneous fabrication 
of a conductive via and a conductive wiring. Such a 
process reduces the number of process steps and 
eliminates an interface between the conductive via and 
the conductive wiring. In the present method, vias and 
trenches for the contacts 103 and bit lines 102 in the 
memory cell region are formed in P-TEOS layer 148 by 
conventional photolithography and RIE processing. Vias 
and trenches are similarly formed for the contacts 160, 
161 and wiring 162 in the support circuit region. Then, 
tungsten is deposited by CVD. The tungsten is then 
planarized by chemical mechanical polishing down to the 
top of the P-TEOS layer 148, i.e., P-TEOS layer 148 



acts as a stopper layer for the CMP process. An 
adhesion/barrier layer such as titanium nitride may be 
formed, for example, by sputtering prior to the 
deposition of the tungsten. A second interlayer 
insulating film 152 of, for example, P-TEOS is then 
deposited and an opening 163 is formed therein to 
expose wiring 162 in the support circuit region. 
A contact 164 to wiring 162 is formed in opening 163 
using a damascene process in which opening 163 is 
formed by conventional lithography and etching 
processing, followed by the deposition and planari- 
zation of a conductive material such as tungsten. 
A conductive layer is then deposited and patterned to 
form wirings 156 as shown in Figure 5J. 

The memory device shown in Figures 3, 4A, and 4B 
and manufactured in accordance with the method 
explained with reference to Figures 5A-5J includes 
highly integrated memory cells having capacitors for 
storing a charge which is sufficient to ensure that 
data may be correctly written to and read out from the 
memory cell. This memory cell has a compact cell size 
of 8F 2 , where F is a feature size and the cell size is 
2F x 4F. In addition, the memory cell overcomes many 
of the disadvantages associated with the MINT archi- 
tecture. For example, as can be seen with reference t 
Figures 5G and 5H, the steps for forming the storage 
node contact (strap) do not affect the transfer tran- 
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sistor. In addition, there is no discontinuity of the 
cell array junction to the strap junction caused by ion 
implantation shadowing due to a passing word line. 
Still further, there is no volume expansion of the 
active area oxide and the collar oxide at the deep 
trench-active area intersection. This serves to reduce 
the incidence of defects and stress. Yet further, 
there is no deep trench-shallow trench isolation inter- 
section. Thus, the process for forming the shallow 
trench isolation structures does not adversely affect 
the deep trench capacitor. The process provides for 
long and high temperature stress relief anneal when the 
gate conductors are formed since the strap is formed 
after the gate conductor process. In addition, the 
transfer transistor is formed on a high-quality silicon 
layer and therefore possesses good operating charac- 
teristics. Specifically, with reference to Figure 5G, 
it can be seen that the storage node contact is formed 
by etching the epitaxial silicon above the deep 
trenches and that the transfer transistor is formed in 
the high-quality epitaxial silicon formed above the 
substrate 114. Thus, the memory device of the present 
invention offers the possibility of being applied to 
1 GBit DRAMs and beyond. Still further, the trench 
capacitor and the transfer transistor are connected 
using a self-aligned process. Specifically, the gate 
electrode functions as part of a mask for the etching 



process for forming the opening for the connecting 
strap. By using such a self -aligned process, 
misalignment errors can be avoided and the strap 
between trench capacitor and the transfer transistor 
can be accurately formed. In addition, as can be seen 
with reference to Tables 1 & 2 below, a large deep 
trench having horizontal dimensions of approximately 
3F x F = 3F 2 is available, resulting in a shallower 
deep trench depth than the MINT cell of Figures 1A and 
IB. This simplifies the deep trench processing and 
reduces manufacturing costs. Still further, a well- 
controlled shallow trench isolation process is realized 
since the STI depth is shallower than in the MINT cell 
and can be more easily filled, active area patterning 
is easier than in a MINT cell, and STI height control 
is better than in a MINT cell due to enhanced 
uniformity of the pad silicon nitride since the pad 
silicon nitride is not affected by the deep trench 
processes in the invention. 

Figure 6 is a top-down view of a memory device in 
accordance with a second embodiment of the present 
invention. Figure 7 is a cross-sectional view taken 
along line 7-7' of Figure 6. The portions of the 
memory device of Figures 6 and 7 which are the same as 
in the first embodiment are denoted by the same 
reference numbers. With reference to Figure 6, memory 
device 300 includes bit lines 102 formed to extend in a 



first direction (i.e., horizontally in Figure 6) and 
word lines 136 formed to extend in a second direction 
{i.e., vertically in Figure 6). Bit line contacts 106 
are arranged at a one-half pitch. That is, the bit 
line contacts for every other bit line are vertically 
aligned. A plurality of active areas AA are defined by 
shallow trench isolation (STI) structures 108 (see 
Figure 7). Active areas AA have a width extending in 
the word line direction and a length extending in the 
bit-line direction. The trench capacitors (storage 
nodes) of the memory cells are formed in deep trenches 
110'. Deep trenches 110' have a width extending in the 
word line direction and a length extending in the bit 
line direction. Storage node contacts 112 are located 
between adjacent ones of the word lines and provide an 
electrical connection between the trench capacitors and 
the transfer gates. 

In the second embodiment, deep trenches 110' are 
oriented in a direction which is orthogonal to the 
direction in which the deep trenches 110 are oriented 
in the first embodiment. Because of this, forming the 
semiconductor memory device of Figures 6 and 7 using 
the method described with respect to Figures 5A-5J will 
cause the transfer transistors to be formed in the 
portion of the epitaxial layer over the deep trench. 
As noted above, this portion of the epitaxial layer may 
have defects which could adversely affect the operation 
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of the transfer transistors. In order to provide a 
high quality epitaxial layer in which to form the 
transfer transistors, the epitaxial layer may be 
subjected to a high temperature annealing process (e.g. 
5 at a temperature of about 1100°C in an atmosphere of N2) 

Alternatively, a laser or an electron beam anneal may 
be used. In still another alternative embodiment, a 
wafer bonding technique such as that shown in Figure 8 
may be utilized. Specifically, a first silicon wafer 

10 302 having the trench capacitors formed therein is 

bonded to a second silicon wafer 306 having shallow 
trench isolation regions 108 formed therein. Second 
silicon wafer 306 is then polished by, for example, 
chemical mechanical polishing (CMP) to provide a 

15 silicon layer 308 having a thickness of, for example, 

about 0.15 micrometers (ixm) for a 1 Gbit DRAM. The 
process steps of Figures 5E-5J may then be carried out 
to form the semiconductor memory device of Figures 6 
and 7. In this way, the problems associated with low 

20 quality epitaxial films grown over the deep trenches 

can be avoided. 

Figure 9A and 9B show a cross-section of a memory 
cell in accordance with a third embodiment of the 
present invention. In the embodiment of Figures 9A and 

25 9B, first trench fill 402 has a cylindrical shape. In 

this way, the depth of the trench in which the 
capacitor is formed can be decreased. A memory cell of 
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this embodiment can be formed by performing the steps 
as in the first embodiment for forming the deep 
trenches. After the deep trench etch, an oxide layer 
422 having a thickness, for example, of 50 nanometers 
5 (nm) is deposited and etched by reactive ion etching so 

as to remain on the deep trench sidewall. Then an N± 
type polycrystalline silicon layer is deposited and 
etched back to a level which is about 1 micrometer (jim) 
below the surface of the semiconductor substrate. Then, 
10 a node dielectric film 424 is formed. Next, a second 

polysilicon layer is deposited and etched back to a 
level which is 0.1 higher than the first polysilicon 
layer 402. After this, the process is the same as the 
process for the first embodiment. 
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Table 1 provides a cell comparison for the first 
generation of 1 Gbit DRAM devices having a 0.18 micron 
design rule. As can be seen from the data set forth in 
25 Table 1, DRAM devices manufactured in accordance with 

the embodiments of the present invention provide the 
same capacitance as scaled down cells manufactured in 



accordance with the MINT architecture shown in Figures 
1A and IB of this patent application, while at the same 
time providing trenches with smaller aspect ratios 
within which the capacitors are formed. Specifically, 
1 Gbit memory cells in accordance with the first and 
second embodiments of the present invention have trench 
capacitors formed in trenches with aspect ratios which 
are 28% less than the aspect ratio of the trenches for 
1 Gbit memory cells based on scaling down the current 
MINT architecture. Memory cells in accordance with the 
third embodiment of the present invention have trench 
capacitors formed in trenches with aspect ratios which 
are more than 50% less than the aspect ratios of the 
trenches for the scaled down MINT architecture. As 
noted above, the ability to achieve a high capacitance 
for trench capacitors formed in trenches with small 
aspect ratios provides for easier manufacturing. 
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Table 2 provides a cell comparison for the first 
generation of 4 Gbit DRAM devices having a 0 . 12 micron 
design rule. As can be seen from the data set forth in 
25 Table 2, DRAM devices manufactured in accordance with 

the embodiments of the present invention provide the 
same capacitance as scaled-down cells manufactured in 
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accordance with the MINT architecture shown in Figures 
1A and IB of this patent application, while at the same 
time providing trenches with smaller aspect ratios 
within which the capacitors are formed. Specifically, 
4 Gbit memory cells in accordance with the first and 
second embodiments of the present invention have trench 
capacitors formed in trenches with aspect ratios which 
are about 25% less than the aspect ratio of the 
trenches for 4 Gbit memory cells based on scaling down 
the current MINT architecture. Memory cells in 
accordance with the third embodiment of the present 
invention have trench capacitors formed in trenches 
with aspect ratios which are almost 50% less than the 
aspect ratios of the trenches for the scaled-down MINT 
architecture. As noted above, the ability to achieve a 
high capacitance for trench capacitors formed in 
trenches with small aspect ratios provides for easier 
manufacturing . 
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V^Tf^ y-M®6 2Cli?)^-^, IP^^— Mi6 2 t^r^v"* 2 <D 
fig^i^^*^ Sfcl2-12' ^[6]JcoV^-Cfi. iT-f^S^^rt^^ 

7L1 1 0 6^^-^/^>^y— Kg2 6^^iiT, Mg^L^i^^-f-s nj 

l/v?7 f/^->- 110 5 Sr^bfc^ 013 J \z.7^ir£ o^, h 

till 10 7Mt5o ^WXfMMT, TEOSSTO=^^ ^?L1 1 
0 6 F*HC 2 0 nmflM3iU R I E «t "9 {IJliO^Cia-f o Sid U v?* h £ = 
>^ h?Ll 1 0 6Kl*I#)3A^ y-fe^LT, WMBWLB<Dy — *^h*l'4^&. 

zy-mmmi 1 o 7^^^^5 0 
i©*7-wi i o 7(D«xm^\ b> hm=*y#? hm^&isvx i- 

tfmbte^tztb, h^-y^^^HU^B P SG16 7«££ix, ^ ^ 

^ b?Ll 1 0 8«^5o T&i;:, As K-y^fB^ 1 ; ^£«!b 

tcMPX(iRiEia»)Wt5:Ha^ i 1 3 j t^t i ^ 

6 (Dte^g 6 3 J — K® 2 6 \z&m~f?> f^<D^r *r^i/$ 

©^y-^^Sib %1t.^is*Z Mi 9 y ^ ^/f 3 igeftirf S^^fe 
rx »v ^> y =3 v^fbil^rffM-r 5 - 1 h =t#re& 5 0 

4>£q»y-7v— ^Ss^Jl^-c, 0 1 1OT1 2lc^i-«fc?^ IW 

iii7i^^utt'--7M7Mt5o kt, m^^^^v^^^^^p 

5 e 

^4(D^SSM-CH, nSS^b^SSIfeii^y^- b 2 4 £r> y ^^SlSl 

^pMJi^BS^s-ffMbfco ci^^bTjg 5 ^y=ySKiro 

X^^-Cffl&^A^yu- h 2 4 So ^4?)»I©|1 3 AtxtJS^W® 

m 1 4 AiC7^-r 0 

14 (D^mtnt mm^, 2 i^mj^-t^r 1 E^trofc^, ±i*^^ 

roi^ [U 1 4 Aki^-fJ; 5 ^ tlfe^A^yu- b 2 4 flv- y =2 y^s 1 ^X^*-? 

«t5o ^©itt?)h i^cT^jjgf^M^fcofcUv^ h Dt^Ig (AS 
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Gmmmm&m^tzm&) x^^^^m^ifm mftAs$mzm^tz.m&) w 
tifeiA^7°u- h 2 4 (DMmm, *-?/<~y?mmn2 2 a s k-t^ 

:©ll @i4Bl:/7tJ;5!:, J - K/f 2 3 <Dmm±mR^^^ 

■^;-K23i SS^M £ ft § ^ y v^bll 2 8 £i£«-f5o r cDl£« 2 
8 ^CMPCi "JWLfci, R I E^-J; ^®HkBl2 8cD^S^->y = 1 

(DmkVTMm-fzxo^y^x-tz. ^lt, s^imi i o i tmtmi 1 o 2 

U = >-Jg 3 ii, 2mngS^^tfct> CMPia"3WLt 5 0 0 nmgS 

fflt-cfciv\ ^>y =3 >s 3 n*r^~>? 2 cDjiiii-fcs^y ^^s^i »^^ b e^ 
1C 5 t cd i ft 5 C 

^4©*WJt^#c75X?S^Sr, DRAM^fS. [EI 1 4 D ^ y h 

2 ^ 7" y 7°cD ^ ^ y — PH £ ffi if f§ 4 CD ^ISSM (C^t Lt, ^ CD ^KSM "C « 
^^^XIftcD#->-^ilW^ft ^ ^^v^ J — KfroffiiiS*!©^ 
fgl ^Jfc^T^t < feD, K?Lfc^-f Sf^fSffi^t < ft5 Q 

& i C ^ CD^i ^ CD fg 6 CD H«J o ^ T 1ft -f- 3 o 

115(1 |g6<75|l»JicJ;%DRAMcD WT<7 Hi O^MJt^^tX 

^UTV^ 0 ^cDH^'J^H =¥^^°->^ 2cDlS?lJ^rf?^l#i LTl^£ 0 gP^, 

2 FtA±cD-^t°y^-cE.o s m-elW7i:i/2 t 0 ^^-fo-f^fc 

^^sa^j§ti5o Hot, ^^v^ffi?mM£^£:ft-fo ^cDi)f®«^ 

tJ^itX^fl m 4 CD^WJ^V 5 cDHMmc <t 5 W i ^fc5o 

fc, r«igBjcD^7cD^wij^^i-5 0 r <vm7 (Dmmmxte, ^^^13 

£ 2 0cD^t^^i/^/^*XS^ J: «5^i"5- = VJi^=^ 

DRAMWT^ H4, M4cD^M^J^V^4m6cD«f5iJi^l^Trfe5^b^ 
rcDtt^XS^. 11 6 A~ll 6 Ft'fcSo 
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I 107e^t5» JMfcft^te, TEOSg£teIil£2 0 nm^g^** h?L 

I I o 6rt(c±i^L. r i Ei-i vmmic^y-mmi 107 1 ^xn-t* & 

^^f/^^^ • ^^^^ M9it-Cfflfcm r<£>££\ 
StelKl 10 2, S^lHl 1 0 l&U^:7-gt^Sll 107©^y^ 

1^9 (D±.mz.nm-f&n&% } ifo : £^fr'&. n 6c^-fi:5t-, I2©^y 

io3^>y =?>g^ifii 1 0 4©v7^/^-yMbt, sTna^i 
^111 1 0 4 tsMii 1 0 3 ^^^x^m4(Dmmmtmm\- 

^(Dm, Wt/V777^^3^^^b (SAC) S^St^T, nMfeSfC 

163a t^t^f'i/ Mt^y^y M8»)iWL, H^^*n»^^ 

^ntc^y?? hm^±m^mm^n^z\t\^y) , =iy&? h®fcws*#< 

2 0lCl/^h y-*®iJfE<aJgH£ft5o #l:nSitfc§i»7 , l- 
h 2 4^±t^ 1 2 0 2 ifi^5^H(75> # % ^©W7 7 ty M 2 0 1 t 

19 , y -y m^o^Tv^Kiti-S r t So 
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Ml 8ttr©l9©«iJ©DRAM©^7^ h£r> El 0 ^fcfJ&S-fr"^ 
LTt^o S*^/j: 7 Mil 1 0 t l^!tT*fe iH 1 0 Xtt f> 7 > is* 

|19A~119F(1 ^(7)^9cD^WiJ»DRAMM^XS^, 118(01 
9-19' 8ffffi$rfflV^T^bfc^CDt?fc5 0 Si 4Ctt©Igttl5?)M 

£iwi«fev, mi 9 A^^-rj; 5 v-y ^^^fbiii 3 0 1 iv-y 

10 3>-i£IIl 3 0 2©v^^^V>t, ^rt^^^;-Ki2 3H^t5 3y^ 

y- h?L 1 1 0 6 ^Dl-f 5 0 h?Ll 1 0 6i3, ^r-Y^V 

^t-. Hi 9 B^^-TJ; 5 f-, =*^?7 b?Ll l 0 6 (D^m^^y-mitmi 
10 7Mt5 o ^^^fl, TEOSiHbfll£2 0 nmUm b?Ll 
15 1 0 6f*]^i£^!U R I Ef^ct 1 0 7 LT^1- 0 iWc, 

y ^X«M£- K-7°L/c#|§ 0 B B ^y ^>£i«U CMPiR I EtiSxy 
fV^'^fot, ny^^ M 9 a t Lta^iitfo ^(75i#, ny?^M9 
aCDSffitt^'j =3^jf3 a^SSi^ 15 0 nmggTWittS £ 0 tf5 0 

^y-y-y" bg9 a W±S|J^8gt±l-t-^*-7— ®HhBfl 1 0 7^^7s'7 h 
20 ^y^Vi/HJ; I9(&*U ife^t^ftA^Tot, il 9C(C^fi9i^ = 

Villi 0 6(75±^M^, ftfcM^tiS F7>-^^teti{:M$ 

«y ^t)s K-7°^ixyc#^H H H^y a^£±g&u cmp^r i e^d y-tr^L 

hill 1 0 6©i|(:|2«3y^^ hjfg b £rS&&tf 0 
2 5 >-y*y- M9 btD^Wi. i/ ] J 3 ylSSE^b 7 0 nmggTtflt?) <t 5 

t©f, S T I K#fi-J: 9 , i l 9 D t^f i 5 tS^iS^DIU, 0 1 
9 EiC^-T J; 0 (C|^^MI4 ^S^^Atfo I^^ISlt fgft*^-fM5 

(Dmmz^mf&^nzMRiteMib&^x h ? ^7° 1 3 o 3 ^mv^s x ? ^ 
30 ^^^hji9b, 9a<nftm±mzt*fr%£5fcmi&i$tiz 0 m*ftMm&m4 

i^i, 11 9FiI/TtJ;3t, F7y^^6Mt^ f>7V^^6 

35 coy-^ N Kwy«i6 3(D?h, ^r-Y^iy^ y-vm^mnme 3 b«, 

lftiA^^f7y7"1 3 0 3^U I(^y^ni9b, 9a^Lt^rt 

/^>^;-Kl2 3i:S^$ti5 0 ^mtm^^v^ try hSIa^^^ 

45 ^fer <7)HJg^J<DJlft^^ h 7 y7°Jj^n^ il 5i^f^rf/^ W7 
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@2 0lt h7y^^^^t^ D ^©gWffi^ h7y^^Sfflb^ 
~CD&W<nm 0©WJ(a5DRAM^^7^ b^U IS 2 1 2 2 

HI 2 0©W7y b^&^T, il Oil^S^tt, h7^^6^^r^ 

ny^7 M9(l lE^^^v'* 2^MlLb^J5££H5f£»lS? 
10 «5(:>ftLt, TO1^5ti^M^^5o ^LT, 12 1S0I2 2 

Sd^-fj; 9 b^Vv 5 ** 6©^^v^ 2 ^jg^nS^fci^ji 6 3t3 

>^ Mi 9 i FhI b ©$ffi bfciiii* 1 oK&ymm^x^Zo 

%(DM,fo&)teM&T.&*, n 2 1 (DWrmz-ttifc-tzm 2 3 A-m 2 3 H^xfi 
mmm&R^rmx~rz>o m2 3 ass*wi^2 1 tmmx&<9, ^-^^^ 
15 2^jf^$tvfcs®^v'y 3 ^^t°^^v--v^«^^^^. ^^v* 

2[i)ftt5 3y^^ b?Ll 1 0 6 ^i^Lfc^tgir^LTV^o b?Ll 
i0 6(i, m 2 3 A<z)Brffi-ete^ j ^v'* 2(Dm^'L^h%VK z.lnbW.&'fZ 
WLJjtfwmffiXfe^V^y? 2<D*P>bfrtb~rtlX, [12 0\z.^>$? M9 t 

20 ^<7)# N ^2 3 B^^-tJ; 1 1 0 6 K^CD^Wiji^tlt-L 

T#5-gHWiii io7«u tit^it^K-yro^a^'j^yia 

5 3 y$ # Mi 9 SrS&i&tPo M9©BiiItt, v U >-JI 3 fl^ta 

^ 5 0 nm^TfCfeS i 5^i"S 0 

STlSff^J:^, Hi 2 3 cf^-fJ; 5 tc*^M^oxu 0 2 
25 3 D(C7r : -rj;9^*^mfW4^JSfeiAti> 0 if^ilMil4ii, 

M £r«Il 4 a XW: o W £ ~T 6 „ 

^Of, y ^®Hb§l VS^BI 1 3 0 2 tefiJUU W» 

30 ^MSrfiJSIbT, 112 3Dt^tJ; bSHWfl6 1 ^tTM^So 

riDi, @2 3El^tiy}:, 7^il4^L|l9 W#|l»J^ilWXm 

ai6 7 let ospatafe^snSo 

\fy vm^yw b ^se®* by yy c ^w\m\^m-r^t'^s 123F 

35 ic^-Ti 5 Klf£®J*^f?^5 ©S^^-y^Wv^? b 1 4 0 1 £tMU 

£ffl^Tfgft*^»5±?)y- Mt6 2^tfc5i«Itfe5BPSG 
316 7 Sr^y^-^^^^-TSo ^Lf:|f«l6 7 OT^SStti Lfcv' 

y^^^jbiiee, habile i, li^y^ M9^lotv^iil 

4a^7fy^"LT, @2 3Gt^tJ:9i^ ^ > ? ? bM 9 RXf^ *y 
40 S$H-5tetfcJi6 3(7)ffi^^tti$ii-5o hJg 9±©SPli, 

TTtt, H12 0^b^fe>6^«t5^, 3 bg 9 <DX®cD^£Kffi #c 

45 IT, 12 3H^-f£ 5 Kltfy bS8 £1*3^, ^t^H 



- 45 - 



YyV'yTs? 6 W«H6 3 ? b if 9 ^fc^oT?fM£^ ^tLbtr 

i24s, f io <Dmmm~?<D wr^h l/c h 1 1 (ommm^ w 
TVh-?fr%o mio^mmm-cu, mwsm^-m&s 2 (dm 

*^;<i/¥ 2 t h9^i/x? 6 &mmir % =1 > ¥ ? hM9 fc^^v' 
9 fcd^^v^ 2»^^^@aSLTV^ 0 ^«ilt, f^KlllT-fM 5 ^ 

6 f t vtKnKni^, ^(Dmmm^iimmm^m^^fDx^i^m^ii-is ±^ 

^5 5F, ^-^lFHT^S. y^tttl/3t°^ffofil5o 
tf y M|B KiWL^7^>/^^-^- 1 F/ 1 F^M^S i 

[6]©^^1F, y^l^7^£ 2F<Dfi«i LTlfig£*L5o BTOtit&tf 

v^x * 6 MKj-T 5 2 ~Jf.(DT V =t 4 y' V — K^^*f UTMil y — 1 i: ^ 5 
#J#-Cga«$tl5 0 Wir;V(757^t t^>Ml77^]^3F, !7- K^fRji- 

2Ftfc^ 6F2^i5„ iS-)Stfflt ^^tV^ D R AM^/>7 W l±, 
7- KHy7fa^4 F, hffitjjmz- 2 FT'feSo -ft £ itS^i" ^ £ ^ HCxIf 

l^i-MtS^i^t^Sfcfe. 6 F 2©7ct^©^ ; eyt/k^tl!l 
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mT.mxm^/ut^(Dic^L, z<Dmmmxn±^sTv4y^y¥? h&m& 

2 6 D^JlV^Tt&^-rSo 

^?fM-r?)o r<£>^ *^«5 ws^^^— h^^v^r, sr^te& 
me 7^r i Eici D^y^^^^-f-^o H^y— h«^r^^MtHLfc^y = 

VS{h:II^^LTnMK:mii6 3 ^Hidd^/^ 2 0-3 0 nraC|^!J 
^yiHtSli 4 o 2£±69fU ^ft^y- MlJHK:gH-o :«Wl2 6At 

i/?fe-e y = ^ ^ > ^ <Ht v \ 12 6B f^^i- J; 5 ic^^/^i/^ 2 n*H- 6 
ny^^h?LH06 ->kM$tfrZ)o MLi l o 6 <nfe.mz.%\ti1r%&ik 

Bf 2 8^iyfy^'Lt, ^y^^F^LHO Q(D]^m^^^"y^ J~VM2 

3 ^iai$t5 0 

MIJ!tc7»y ^>-»Iil 4 0 2 ^^xy b^^-v^KiJ; Dfefc* 
III 1 0 7§r^-t"5 0 M^77v-^fbIIl 1 0 7©iai^i-;f^U ^I0# 

^m^-f^o :« 5 l2 6ct&5„ m^(Di:oK, ^y*?Y 

;©i, sttrn K-7°xf*y ^ K--7°#^ 0 H B^y = ^&*£^u cMP-eTOft: 

LT. 126 Dic^i-J: 5f-> ^■Y^v'^ • Ml 9 £ tfy MH^^ 

Mi 8 ^UNFidSfe^^-rSo 

^im^MM^ttlS-tf-y Mf^0#JS@&i^?fMLT, D R AM^tE 

^^feW-iS 3c^s<z/? - =iy#? hjggft s -?:c75_hfp^^ y# ? h 

nmn^(Dmmmi\:mm^j:mK ^^xm&i^tm mmwum 6 3 = y? 

7Mt^^ iffl^f^y^^iS. SP*^ h?Ulffl^*T-ft^£ 

7)SffM$ti,7c:S«±^nit: 0 ^^^^;^ft$-^fcvy = >il 3 &m v^fc 0 r^td 
f- , *f^y$ ftT&tfL £ tL7> '>!)3 > Wiiii V y = yMR £ B£ 9 t>^: 3 

£ ^ f * ^ ^ £ « . f £©3^1^ ^m-t 5 o 

[El 2 7 ttr c7)^JfefiJ»DR AM»iff®ff5t^^LTV^o ^-^v^ 2 CD U^f 
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HI 2 7 Wflf^Cfc^T. gHtll 1 3 0 3 H 3 0 4 tDt#^l«fB-efc 9 x 
^©±©->!J3>i (SO IS) 1 3 0 1 ^gf ^fc ^ ^Sft 1 1 

y =3 yf -r-fe^o iHbfll 1 3 0 3 H 3 0 4 ttlS^Wfel 

It^ot^So ^©Mft«H^l2 8 A~12 8 F^ILt, 

1 fl (10 0) g£l^^^ofc, l~5X10l 5 c 
m - 3 SJt» pi^>U =^S& (Xfl^»M^ P^t^^v'-t/Wl^ 1 urn 

fiitj^ft^^^^t^^^^/^te) -cfe^o r^s&i oH^L^JiaM 

ft] iritis H 2 8 Atc^-fJ; 9 ^^v^ 2 ^Mt5» 2 W^r-Y 

^•>^/-KI 2 3 1 h U^^PX^^^ £ LT^V^n/cv-y ^^WkM 
1 1 0 2cosmM^fr-frfcSftg^Sa£>&**L5 0 
rcDfi, m 2 8 Btc^-r £ b ^t^^^/-Kl2 3©if?:^ J r^^ 

^y =1 v^tBs§rffiv^#5 0 ^--^ ^y°mmm2 8^m^ntimK^^mt 

tSCVDVy 3 0 3^Mt5o ^ftft^H 3 0 0 nmgg© 

^y ^^mitm^^mmi^ cMPia?)Wt5o 

r©t, so ilcDM^tf @P^ N 12 <7»y = >s^ffl#u ^cd^ 

StC|£^t^£tT9 fcfecDf&M (13 2 8 Bf^-f gHb3fll 3 0 4) £: U, 
ll»10nmSSMU £T£L<M^ BPSG (XttCVDSiO 
2) I^2 0 0 nmSgJtiLt¥W5o Lt, :©l2©V!J3ylfi 
^<7)®Ht:fliM 3 0 4{fJ£f|l ^^Ml^^fblll 3 0 3^15^11 

tcSfeX, 9 0 0°C?lIt^^^#T-eE^#-r?)o SMIl 3 0 4 ^L-CB 

^itii2 8 jcv-y ^^mitm^m^^tcm^K, ti^^^ v^mxMx^y 

r<£>^> I£ ^t^feU 2 <7» y ^M^HU x^fy^Lt, 150 
nrngSoy^yfl SOlSS5r#5, l28B(i:« 

^^ISr^bTV^o r © S O I SK©y y 3 yf 1 3 0 1 ©gffili, l»F7^ 

128 c J: 5 v-y = >S 1 3 0 1 (Z^ffi^v- y ^ ^^ffcflg 1 

3 0 5 zm^mmitm^x 9 5 0 nmggMta„ ^lt, yy^'77^ 

RIEdi D^-yf y^'^Tot, ^r^v^ 2^^^^^^/^v-^ J — YM 2 
3 Ktt-TZ) b?Ll 10 6 ^DX-TSc mikWkl 3 0 5ll Vi/* h:7°n 

-fe^^t/^y^^^ynir^^ibn-tS v-y nyf l 3 0 1 ^Mr5lfe£rPyjit-f 6c 
^y^7 h?Li 1 0 6 wjjnxi *-f >-y ^ >I 1 3 0 1 ^^yf-v^'U Km 

Lf:Ml 3 0 4, 1 3 0 3^x y fy^U Ii:^rfy»l2 8^;/ 
fy^'LT, ^/^^ KJg 2 3 t7)®^gffi£« 0 ~ <D £: # ^ y 

112 8 t vxz/V ^i/^fbil^J^Ti^fl :MfkIi 3 0 4, 1 3 0 3 

cDx- 7 fy7l|©^ hy^&5 0 
TfM $ilfc3y^^h?Ll 106 (DMMK^kK, 3 0 n mSl£<£> CVDV^ 
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r i Eici ^fiigw^^^-r^&TBj^-rSo » K-7°^#^f B 

M9t LT*lfciAtp 0 ^ffcflll 3 0 5 (75CMP t R I EcDfS, V'J ^^M 
13 0 1 I 5 Lt#f)^fcW5, |2 8CtW„ n^^^hJf 

r<DtJh Sftll 3 0 5 ^iyfy^liL, H 2 8 D^-f J; 5 K:, f U = 
^jf 13 0 l±^i/y =?>-Ji 1 3 0 2 1:60 nmggit^^y-r^M^^o 

s o I SS^v^y nyil30l Rciidt^^^^^iS^f:^ 1 ; 3> 

±i®it"So ^rofldtSi:, = b?Ll 1 0 6 rt(7?#,ftg s B^y 

^y^y- 9±^^SL/c^^i^^H e 0 ->y =>>® 1 3 0 l±«SLf-^ 

*fcll^te^£ftv^ v'U 1 3 0 2<D$L-§:'XMM^ Y 7 ^ *S # <T> 

/^yf 7 © fc ft ©IffiW ^ f t M^57° n 7 7 ^ h 9 

@2 8El:^ti;9t, s T I J; <9 Hi^flf^iiM ZMifct 

5o ip^, i/y =iy^iii i o 3 ti/v =iymtmi i o 4(Dmmm^^?it 

— yfMU RIEia^yy^yiiSOl, l 3 0 2C20nragg« 

^y ^yifkli l o 4 tgHblli l o 3£i&5feLfc^ b7y 
i6 2eMi, y-^s Kwy^^nij3Ati6 3^Mt5 0 y-bm 

IM6 2 Ji, ^jUi^ ayl (5 0 nm) k^^^^y"^ • ^yt^ Mi (5 0 
nm) ©iil>t5„ ^f*^^^^60^giI±^M^^r-Y^^#IIt 

=i>-g{fcfll6 4£^*->-^Js£U :ti?:v7^ilt, ?v^ry-> 
yf-^ Klim^H 3Vll££JiH&^:y^^1-5 0 fib, ^MSiLT 

H28ft?«, it<7)^>^' y-^/Kwy«M^utv^^ m 

y y©/ftyiiA§:, S03ia:J±7 OKeV, K-X14 X 1 0 1 3 cm - 2 flit 

vmrne 2 (Dmm^mm%mm6 9^MLfc«-e, ^^tyax^j 

?U3\ MT&m]±3 0 K e V, K-Xf 5 X 1 0 1 5 c m ~ 2 CQ^^-Cffo T , fS5 
ifC^CSo »^J^ =i^*^ bJf 9^^±yj — ©nS^^ftW^ ±.frh<?> 

fyy^^Mi, H27^-fJ;5^ ^ffii-C VD-yy = yifkl6 6 
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£3 0 nmfM«aU Itl^Sl6 7tLTBPSGllf«it5c -ft 

5 CDfgS^ U 9 5 0°C, 1 0#M©RTA (Rapid Thermal A 

nnea 1) 7°n -fe * £f#ffl-f 3 C JlF^^lI 6 7 fi^CDfJL CMPCi 

7/xt, K> H^y^ MMt^^ FMFlPU M K-7°#^b b b^ 
y n >^iife^AAy-C^y y^y- hM8 t-fZo ^V^T, HRCtt^&V^ 

a 0 it, ififfiiiwt, ^Jnaa^?fMufc#, ±m^^~^?> 

rroWiia^h so i i: i if^ t /«Sf r 

15 B B H ^te£{£MX£3o i^fWiKi, ^/^>^±tUj&£ft3 h^v^^ 

& n W\ (DW: 1 5 CD K O V M 1" 3 o 

mi 4<DnmMK&\,^X, *i L ^WH4i±, i/y3yfl 3 0 2 ^$ 

20 iC&V^Tte, ST I Sfti5 2^Pf(7)S*5A^^j:S^^M^^ffiV^ 0 

12 9(1 @10®DRAMWT^ h St^I^^CD^ 1 cD*T-^f«II 

4 lwsfc&^co^&jjw-wr^ ^3 o ^m 1 com^^mwmM 

4 i £?MLfc^ y^vii 3 0 2 ^t°^v^/yj«$^7t#ct£^1- 

25 mi (nm^-'MWMWkA l te N HI 2 9 ic^i-J; 5 xyjfaw^^flffi^ 

5^f^f 111 4 1 130 td^-T cfc 9t, v'!)3y|130 1 0)j£®<7?®HbIlg 1 
3 0 4 tig-f3?l££ KlS£>&*ft5o ^UT, mi ^*T-^f»li4 1 cD-fP 

30 i&Ill07WU:t, M9 ^iife^tfo ^<Z>^ v- !i = ^® 

1 3 0 2 & :t fc° ^=3^> 5 
:©t, l2CDi^ v IW4 2^r^«'9 ST I &ffi}-<J: "9 Sfc&tfo 0 3 

35 jjfa^m^ftmmMixizMi <Dm*#ffi&mm4 1 w^^^j: ^^ipcfes «t 5 

fCffi#>&Sft5„ 13 2^13 KDWtmmXh*) , m2^^^-5>MW4 2« 
f? 1 (73*T-5>»MtIl4 1 J; 19 ££< Sfe^ftTi^o 

y & ?fM l ^ m <d mm m x & 5 0 

t^: b\z.£. 19, x^l:»it5^r + ^/ - KF^ro»y £r«t 

45 T&i&%*iz>frb, f 7 y v?^^© nlfetl 6 3 i 3 y^ ^ M 9 i ©Nilgai 
£^ i^TtSo rftlcfct), IS^b^^fcoTtm^t^ 
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While the invention has been described in detail 
with reference to the appended drawings, the invention 
10 is limited in scope only by the claims. Moreover, any 

patent or publication cited herein should be construed 
to be incorporated by reference as to any subject 



matter deemed essential to the present disclosure. 
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WHAT IS CLAIMED IS: 

i. *mi*mmt, 

-com i ^mwmm±\m^ti, mmm i iisiiig^iitfeai 2 

h yy^^^i~^ h i/^^^-^/^>^^fooT, tiJfB h Vl/^fem&W, 1 J* 
H{£ h u^7^/^ffM£ia<5 h yy^r^^^y? 

tz^mxmm^ 2 ^wft^^^ituTfe 9 . ^mtmmmn mm h yy 
^ * * ^y # (d mmmm* v y y^ 7 4 jv t mm^ \z.mm £ tix v ^ in t . 

m t rn.mz.mk-f a 0 mmm 2 ^m*mmft £ ntzm 1 mmm(D-n <vm 
3 »^T'i)oT, r (D-^(om 3 ^5g{«^w^n^n«ftHB-^^^- 

V ^ 3 -*f <D J§ 3 t 
£^§^»{*fBttgg 0 

2 . ^»f«ffi £ , 
- (D^M\*MR\^-fet° y ^x^im^J&^^tW V yy^*j?;<y? t, 

-nb(Dh yy^^^^y^tm^^titz^mitmu±Kfm^nti^mitm 

-(D^mi^m^m^^^Ms^^nx^ mm-t%~^<D h yy^^-r^y^i^ 
tz^zmm^imm^m^^mr-zm^mmmmt, 

510© h yy^^^^y^ (D%3M^\tm.-r^ «t 5 \z.2\Wf^^^x, >f 
mt^o^t^;- vmi^Wtt^^y? y VMt, 

ffjfE7 — KHir^LTiai^nTfufB ^7>"^^»y^. KW >*ifc 

^*-r5¥*{*iBttfi« 0 

3. ffjfB h^^-Y^^^ M^lJUH^m^F tLX-m^2F(Dm 
iBjjj&XfoV), ^:(DlEljM(DM^B(D^j^]^mm r y— b'Ut^y b1fa<DB.&— 

tf v ^-XU3\ £ tLTV ^ 5!ii*?C 2 fB*^¥yf{*fBtt§£go 

4. tufB h yy^-^-r^yy\±, Wi^^Ft tt-a^2Fwi§ 

5/ bBxmmik i / 2 tv^-r -D-rntzvtmi^m^tix^^m^m 2ts«c^^ 
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5. mmmm^mmt, nutate bmjjfa^-7zt°y^x&^Mm-r& 
^6. tuta^yy Mitt, tfiia h^^^^^ffM^^tufEv-^, ku-y 

y-fei^icDfe^SSLTMfa^^y y~ J: 5 t-ffi£>&#-^J& 

$ fix v n § it *ii 2 taf^ ^#iettgg 0 

fijfa^i/^y Mi ft, jfijfaf§2 (D^t^^rv-^/^SIlW^tu^HijiBH 1 
^t°y ^^/vj^g^iitifa^r-r^v'y y~ Kll-ltSJ: 5(-S*63A^B^c^ 
ft. 

mmtsfizm 2 ia*©^*f*fatt« 0 

8. tuta^vyy bJitt, fijta b^y-^y y^MMJ-tuta^f^Ji^Bijia 

t tufa b ® «m $ ft-c ^ a ft* ^ 2 %m,(Dwm-mmmm.o 

9. futa^yy hJitt, tufa b^^^^^^Mtut-tufa^M^tuia 
^^/^v^ y — KS^ai'S £ 5 f-*i£>}A^M£ft> ffifay— KWyfe 
tM^fdi^tt, ^w^Btc^^^fc^w^^b-ctfifa^y^ y bjfcD±® 
^« $ fix ^ ^ it*^ 2 ta« (D^frtattsgo 

10. tuta^^f*iitt, fijia^^/^v-y^ffM^tLfc^^frSffi^i^ ^ 
f}^hfitz.m<D^m*mm^^?*~M\*m t N ^ tTv-v^y ^f^g^^ £ft 

ttjta^^yy Mitt, tijta^t°y ^^^^^ftiicDffMMi-mjfa^^yy ^##f* 
)i^tiifa^^^ 0 -yy y - Kii^iii-s J: 5 ^ffifeiA^ffM^ti. 

tutay-^s ^fet^iitttijfa^t o y ^^^/^*®?fM#^?fM^tiT, 
tijiay-^, kw y^mm<Dmjj(D&m^mm^^^ y Mf<7}±ffi^®=^£ft 
5ft*« 2 tm(D^mmmmm 0 

1 1. mta^f««i ^n^w^^^^^fcsijcD^^M^ifi 1 ?^^ 

^®(cttS«^ffi«II^^ u 
ffjfa^T-^M^iltt, if ^ M|^rS](75*T-^ff«^ttifa»l^Kffi«si 

^1-3^£Mfe^ffM£ft/cJg 1 ^It^NtfMfll^ i 

ota«c^^f*iaitggo 

1 2 . ^mitmu t . 
-(D^mitmm^mmi L mM^Km'r^fc^\-m^^m^fifc., n© 

^(Dm^-ftmmmmz-x v ^m^fi^wmwrnm^-mm^^f^t^^t 

13. ^Wfc&m^-, y~}?m&*^ y7°MmMxmfrfif^$: 

i-eio^©^^ yy a m%mmm^m^mw-mu(D^^ <o tkhwx-% j; 5 
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h H^^— ^fa tcil^i" 5 7 — K££ £ ft 5 J: 5 tMt 5 XS i . 
ffJlBy-^, KW w—^^^^tb-CttlfB 17— KMt^^i-S J: 5 

ic tf y h m. & JfMt Slit 

^-^^ifc^-L, te^^ttjffi^^te^ii^^Lrtfjfa^v^^ hjffcg^^ 
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tufS M/ v f - * ^° ^ * $ tifc ^{*M± t~ t° y ^ 

\- m yvm* T&j&i* % is t 

x%\\(D^m-w-m^^ y^^^^-tK^vmi ©^i^Mtsiii^ 
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ABSTRACT OF THE DISCLOSURE 

itjtfi b i/^^-«tufe^ 1 ^mmMmRxfmmm 2 u hubs b ^ 

£tu fufB b t^^M^m b l/^^/^ffM^tT^ b I'^^^v' 

I e - *t w it n (75 ^ n ^ti k g a -r s £ 9 1 - ttiia- *t ^ «s ts s ng ^ m i& 
i^^M-rSo mzm 2 ^m^mm^m^fit^m 1 sgm^-*^ 3 ^wf*« 

^ttSf-?^^©^"^^ b' W >-C0V^"f ^SrWJ&L, fttfS— xt(7)^ 3 
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